Measurement System) provided a new thinking for transient stability analysis of power system. Based on real-time measurement information from WAMS, a method to quickly analysis power system transient stability that does not depend on network structure, model and parameters of power system is proposed in this paper. Firstly, the parameters of system are identified online by improved least squares method on basis of that the multi-machine power system is equivalently reduction to one machine infinity bus system. The equilibrium point and stability margin of equivalent system are rapidly computed, and then the stability of system is quickly judged. The simulation results show that the algorithm can accurately judge transient stability of system and has better antidisturbance ability and robustness. The issue of dependence of transient stability analysis on system model and parameter is solved. The adverse influences of data lose and measurement errors in actual measurement of the WAMS on analysis results are avoided effectively.
INTRODUCTION
Last decade, an urgent requirement about the power system stability control has been proposed because of the large area blackout frequently occurred on the global. Power system transient stability control is the first line of defense of stable operation [1] , with a particularly important research value, while transient stability analysis is its foundation. Therefore, it is important to look for a quick and accurate method for transient stability analysis. There are some traditional transient stability analysis methods such as mainly numerical integration and direct method [2] , but it is difficult to coordinate its calculation accuracy and speed. Artificial intelligence method has the advantages of fast online calculation and easy to generate inspired rule of decision, which constituted a fine complementation with traditional analysis methods. Currently, the main artificial intelligence methods are support vector machine [3] , neural network [4] , machine learning method [5] etc. However, the calculated amount of artificial intelligence method is huge, so there are many difficulties in practical application.
WAMS has been widely used in modern power system for monitoring, operating and controlling [6] , which functions and applications have improved. It not only can provide technical support to building strong and smart grid, but also provides a new idea in power system transient stability analysis, which mainly about trajectory prediction and estimation of power angle. There are curve extrapolation [7] and trajectory prediction method based on system model [8] for the moment. However, the adverse effect on analysis results was not considered in these approaches, which because of measurement data loss and measurement error of WAMS in practical application, and hindered its popularization of application in engineering. A method to quickly analysis power system transient stability that does not depend on network structure, model and parameters of power system is proposed in this paper. The basis of this method is that the multi-machine power system is equivalently reduction to One Machine Infinity Bus (OMIB) system. The parameters of system are identified online by Regularized Robust Recursive Least Squares (R3LS) [9] method. The equilibrium point and stability margin of equivalent system are rapidly computed, and then the stability of system is quickly judged. Thus, the accuracy of stability determination of system is improved greatly.
II. EQUIVALENT REDUCTION OF MULTI-MACHINE POWER SYSTEM AND PARAMETER IDENTIFICATION

A. Equivalent Reduction of Multi-machine Power System
The calculation speed of complex power system transient stability analysis can be improved effectively by using homology equivalence technology, which include 3rd International Conference on Electric and Electronics (EEIC 2013) identification and aggregation of homology cluster [10] . The homology cluster is identified by using composite criterion that consist of angleδ and rotate speedω. The composite power angle is defined as com k δ =δ+ Δω (1) Here, k is setting, and Δωis the variation of rotate speed per sampling period. The critical cluster S and surplus cluster A could be separated at the biggest clearance of abutting composite power angle com δ by descending sort the com δ of every generator.
The power angles curve of complementation cluster are aggregated by using CCCOI-RM transform after separated. We can use two equivalent generators replace the complementation cluster, and reduction to two machine system. As discussed in [10] and [11] , the two machine system can reduction to OMIB system further and the mathematical model is constructed as '' eq eq eq eq M c o s s i n δ = α +β δ + γ δ (2) Here,
time constant, and eq S A δ = δ −δ is equivalent power angle, and α、β、γ are parameters to be identified.
B. Model of Parameter Identification
In [10] , the parameters to be identified of (2) were solved by Recursive Least Square (RLS) method with forgetting factor, but the calculation accuracy and antidisturbance ability are not enough ideal. Thus, R3LS algorithm is used to solve it in this paper. But before, (2) needs reduce to Auto Regressive Moving Average (ARMA). Define
Here, T is sampling period, and m is number of sampling times.
According to (3), (2) can be written as ( )
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Consider the disturbance ε(k) of system, (4) can be written as 
Here, k=n+1,n+2,...,t; n=max[na,nb,nc]; t is time stamp.
C. R3LS Algorithm
The 
The prediction error at time k can be defined as
Here, It describes the confidence level in this initial guess at time t. Its main function is that it resolves the under-determined problem associated with a normal LS estimation. For the regularized LS algorithm, the regularization term helps skew the estimate towards the initial guess. Note that if the initial guess is different from the true value, a bias is introduced into the estimation results. The constant λ is the forgetting factor. ρ(ε) is a loss function that defines a measure for the errors. It is used to reduce the potential effect of no typical data, and that's the robustness property.
In the normal case defined as
Here, the variable σ is the standard deviation of theε. Then, a regularized weighted LS estimation of the θ can be defined as
III. TRANSIENT STABILITY ANALYSES
There are two equilibrium points s and u in the equivalent system (2) after fault. Equation (2) Equation (17) can be re-formatted as
According to the La Salle invariance principle and the second Lyapunov theorem, transient stability of system can be judged after obtaining the energy margin. We set a threshold value ε(ε≥0) of transient stability determination. The different values can be set at the instance of accuracy, and in the normal case we set it 0. 
IV. SIMULATION RESULTS AND ANALYSIS
An IEEE39 model is used in this paper to comparative analysis the transient stability results which using the method above, BPA simulation and the online RLS method with forgetting factor in [10] . In BPA simulation, generators use the classical model and load use the integrated dynamic load model. The online RLS method which contains forgetting factor and the R3LS algorithm are realized by MATLAB software. WAMS measurement data and fault Critical Clearance Time (CCT) are obtained by BPA simulation which the sampling period is 0.05s. Analysis results of the three methods are shown in TABLE Ⅰ . The ' * 'is the point of fault and all the faults are three-phase grounded short circuit. The correctness of transient stability simulation results of above method is verified, because the results are consistent with BPA simulation. Nearby the critical stability point of the system, the results of RLS with forgetting factor sometimes are false. However, the method above can accurately determine system transient stability after clearing fault, because R3LS algorithm leads a positive definite matrix in the objective function, which makes the estimated value regularization and to be close to actual value. Thus, the accuracy of parameter identification is superior to ordinary least squares method.
TABELI. ANALYSIS RESULTS OF TRANSIENT STABILITY
In order to verify that the algorithm has strong robustness, Gaussian random white noise is added into WAMS data of BPA simulation in this paper. In TABLEⅡ and Ⅲ, nearby the critical stability point of the system, the results of RLS with forgetting factor sometimes are false, too. But the judgment of R3LS is accurate. Because the loss function of measurement error is added to the objective function of R3LS algorithm, which can reduce the potential adverse effects of atypical measurement data. Simulation results show that this method has better robustness.
V. SUMMARY
A new method was constructed by using the WAMS measurement data, which could analysis power system transient stability accurately and quickly after clearing fault in this paper. It was shown that this method could accurately determine system transient stability by comparative analysis between BPA and MATLAB program simulation. Moreover, this method could still ensure the accuracy of judgment with WAMS measurement data containing noise or occurring short-term communication failure, and it has better robustness, which could avoid the adverse effect of data loss and measurement error effectively. The parameters of this method are obtained with the real-time measurement data or calculating directly, without prior knowledge of network structure and parameters. Thus, this method can adapt to the complex system model, reflect the actual operation of the system accurately, and can be used for real-time transient stability analysis.
